Introduction. Tendons (rotator cuff, Achilles and patellar tendons) are among the most commonly injured soft tissues [1]. Many repairs/reconstructions have been attempted using sutures, resorbable biomaterials, autografts, and allografts, but with varying success. A tissue engineered repair using mesenchymal stem cells (MSCs) is attractive [2-4] but often lacks initial stiffness and strength [5].
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Recently, our group found that mechanical stimulation increased the stiffness of these stem cell-collagen sponge constructs at 14 days in culture and the stiffness of the subsequent rabbit patellar tendon repairs at 12 weeks post surgery [4] . While these mechanical improvements are likely due to the synthesis and assembly of fibrillar collagens, little is known about how these mechanical stimuli regulate corresponding gene expression. The purpose of this study was to determine how a controlled mechanical stimulus applied to a stem cell-collagen sponge construct in culture influences the expression of two fibrillar genes, collagen types I and III, and two fibrillar assembly genes, decorin and fibronectin. We hypothesized that 14 days of mechanical stimulation would increase expression of collagen type I and type III genes but be too short an interval to influence expression of decorin and fibronectin.
Methods. MSCs were isolated from the iliac crest of ten one-year-old female New Zealand White rabbits and then expanded in culture for five weeks until passage two to create the stem cell-collagen sponge constructs. Four constructs for each animal were created by seeding MSCs (0.14 x 10 6 cells/construct) on a type I collagen sponge (Kensey Nash Corporation, Exton, PA). Two constructs were then mechanically stimulated once every five minutes to a peak strain of 2.4%, for 8 hours/day for 2 weeks. The other two controls remained in an incubator (37ºC, 5% CO 2 , 95% RH) without stimulation for 2 weeks. All constructs were fed three times weekly with high glucose DMEM, 5% ascorbic acid, 1% antibiotic/antimycotic and 10% FBS.
After 14 days in culture, half of the constructs were evaluated for expression of collagen type I, collagen type III, decorin, fibronectin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using real time PCR. The remaining constructs were mechanically tested to determine their linear stiffness [4] . For mechanical testing, constructs were failed in tension at a strain rate of 10%/sec using an electromechanical testing system (TestResources Inc.; Shakopee, MN). For gene expression analysis, constructs were treated with RNAlater (QIAGEN Inc., Valencia, CA) for 6 hours and frozen at -80°C to prevent RNA degradation. RNA from each construct was extracted using RNeasy mini kit (QIAGEN Inc., Valencia, CA). First-strand complementary deoxyribonucleic acid (cDNA) was then generated using a reverse transcriptase (RT) reaction. To quantify mRNA levels for each gene, quantitative real time PCR was performed with a continuous fluorescence detector (MJ Research Inc., Waltham, MA) by monitoring SYBR Green fluorescent dye (Applied Biosystems, Foster City, CA) incorporated in double-strand DNA. Rabbit-specific primers were used for GAPDH, collagen type I, collagen type III, decorin and fibronectin. The 50µl reaction included 25µl 2X SYBR Green PCR master mix, 6µl of primer mix, 14µl RNAase-free water and 5µl cDNA template. Real time PCR was run as follows: 50°C for 2min, 95°C for 10min, 40 cycles of 95°C for 15sec, and 60°C for 1min. Standard curves were created for each target gene so that gene expression could be quantified and then normalized by calculating target gene to GAPDH ratios for each sample.
Statistical analysis was performed using a paired Student t test. All conclusions regarding the significance of mechanical stimulation on gene expression and linear stiffness were made at the α = 0.05 experiment-wise level.
Results. Two weeks of in vitro mechanical stimulation significantly increased collagen types I and III gene expression of stem cell-collagen sponge constructs. Stimulated constructs (S) showed a 3-fold increase in collagen type I gene expression relative to non-stimulated (NS) controls (11.6 ± 3.8 vs. 3.8 ± 1.3; mean ± SD; p=0.0001) and 4-fold increase in collagen type III gene expression (17.3 ± 7.1 vs. 4.3 ± 1.8; mean ± SD; p=0.001) (Fig. 1) . Mechanical stimulation also significantly increased the linear stiffness of these constructs ( Fig. 2; p =0 .002), consistent with our previous study [4] . However, two weeks of mechanical stimulation did not significantly increase either decorin or fibronectin gene expression (p>0.05). Decorin gene expression for the S vs. NS construct groups averaged 3.5 ± 3.9 vs. 3.5 ± 5.8 and fibronectin gene expression averaged 0.2 ± 0.2 vs. 0.1 ± 0.1 (mean ± SD). Discussion. This study has demonstrated that mechanical stimulation of stem cell-collagen sponge constructs increases collagen types I and III gene expression after 14 days in culture. These results are consistent with previous work on the up-regulation of collagen types I and III expression by bovine stem cells when exposed to mechanical stimulation [6] . These alterations of cellular activity provide the adaptive capability of a tendon or ligament to withstand physiological loads for different activities. Collagen type I is the primary protein responsible for handling these loads whereas collagen type III has been shown to be involved in the early stages of tendon and ligament healing. However, proteoglycans are critical as well. Decorin and fibronectin mediate the process of fibrillogenesis and collagen assembly, and regulate the physiological remodeling of collagen [7] . Despite the increases observed in collagen types I and III gene expression due to mechanical stimulation, the resulting proteins may not have assembled into larger molecules without increases in decorin and fibronectin expression. Based on these findings and those of our previous study [4] we conclude that increases in collagen types I and III gene expression correlate with increases in the stiffness of cell-sponge constructs due to mechanical stimulation ( Figs. 1  and 2) . Future studies will focus on identifying conditions that trigger increases in decorin and fibronectin gene expression and understanding how gene expression relates to protein production and subsequent tendon repair mechanical properties.
